1. The activity of peptidase enzyme(s) was measured in homogenates of mucosa taken at slaughter from sites along the length of sheep small intestine.
It is clear from studies with non-ruminant species that a considerable proportion of digested protein is taken up from the digestive tract in the form of short-chain peptides which are then hydrolysed to their constituent amino acids at or in the gut wall (Adibi, 1971 ; Mathews, 1975) . The enzyme activity towards di-and some tripeptides is mainly concentrated in the cytoplasm of the enterocyte, whilst virtually all the activity towards the longer-chain-length peptides is located on the brush-border membrane (Peters, 1970; Kim et al. 1972; Nicholson & Peters, 1979; Sterchi & Woodley, 1980~) .
Whilst different sites along the intestine have been shown to be important for the digestion of protein and subsequent absorption of the end-products arising in sheep (Ben-Ghedalia et al. 1974; Tagari & Bergman, 1978) and steers (McAllan, 1981) , these conclusions derive from measurements of gross changes in gut contents along its length.
Differences in the rates of absorption of amino acids along the length of the small intestine of sheep have also been noted from studies both in vivo (Williams, 1969; Ben-Ghedalia et al. 1974; Tagari & Bergman, 1978) and in vitro (Johns & Bergen, 1973; Phillips et al. 1976) .
Symons & Jones (1 966) measured the enzyme activity towards three dipeptide substrates in the high-speed supernatant fraction of homogenates of ovine small intestine and concluded that the soluble dipeptidase activity increases from proximal duodenum to mid-ileum and then declines towards the terminal ileum.
As the distribution of peptidase activity both along the length of the small intestine and between brush-border membrane and cytoplasm varies both with species and with substrate used, the present study was undertaken to examine more thoroughly the distribution of peptidase activity in the small intestine of sheep. The number of sites sampled was considerably increased compared with earlier studies as was the number of peptides employed. 
Peptidase activity in sheep intestine

Assay procedure
All reagents were dissolved in Tris-hydrochloric acid buffer (0.5 M, pH 8.0). A 0.3 ml portion of substrate (5 mM in the final reaction volume) was added to 0.6 ml L-amino acid oxidase reagent (LAOR) (1 80 units L-amino acid oxidase, 20 mg horse-radish peroxidase and 100 mg o-dianisidinell Tris-HC1 buffer, pH 8.0) in a 3 ml test-tube and incubated at 37 O for 5 min. The reaction was begun by the addition of 0.015 ml of a suitably diluted homogenate. The reaction was stopped after 20 min by the addition of 0.45 ml sulphuric acid (9 M). The absorbance of the resultant purple colour was determined at 530 nm using a Pye Unicam Sp6 spectrophotometer (10 mm light path). Homogenate and substrate blanks were taken through the same procedure. All assays were performed in duplicate. Continuous monitoring of the reactions was carried out using the same reagent volumes, without the addition of sulphuric acid, and at 440 nm. Standard curves for the reacting amino acids in the peptide substrate were run simultaneously with the measurement of homogenate activity. The amino acid standard curve was in the range 0-120 nmol amino acid in the final reaction volume. Homogenates were diluted with glycerol solution so that no more than 100 nmol amino acid were released in the 20 min incubation period. The linearity of the reaction with respect to time, substrate concentration and amount of protein present was established with homogenates from sheep small intestine. 
Protein determination
Protein in the homogenates was determined by the modified Folin-Lowry method of Miller (1 959). Bovine serum albumin, dissolved in glycerol (1 40 g/l), was used as standard. 
RESULTS
The distribution of peptidase activity along the small intestine In the initial investigation, gly-leu and leu-gly were used as substrates. For both substrates the enzyme activity measured in the crude homogenates was low in the most proximal sample, rose to a plateau at 12-28% along the length of the small intestine, subsequently rose to a peak at 60% and declined thereafter (Fig. I) . In view of these results, samples were obtained from a further six sheep with an even distribution of sampling sites. The mean length of the six intestines was 20.6 (SE 0.7) m. The mean peptidase activities towards six dipeptide substrates at each of the ten sites are shown in Fig. 2(a) . The values and distribution of activity with gly-leu and leu-gly as substrates are similar to those shown in Fig, 1 . However, the absolute values in Fig. 1 are higher, mainly due to the values for one sheep being twice those of the rest. Activity rose in the first 35% of the tract, rising more sharply to a peak at 55% and then declined towards the terminal ileum. The distribution of activity was the same for all six substrates with highly significant correlations (P< 0-001) between the activity with any two substrates at all sites (r range 0.797-0.968, n 60). The distributions of activity against two tripeptides and a tetrapeptide are shown in Fig. 2(b) .
Distribution of activity between brush-border and cytoplasm
An attempt was made to partition the measured activity towards the various substrates into that associated with the brush-border and that associated with the cytoplasm by use of the cytoplasmic peptidase inhibitor PHMB. Mean results for all sites examined are given in Table 1 . It can be seen that the majority of dipeptidase activity was cytoplasmic whilst that against tripeptides was more evenly distributed and that for the tetrapeptide was virtually all associated with the brush-border. Kinetics The apparent k , values for five dipeptide substrates measured in the high-speed supernatant fractions of the homogenates are shown in Table 2 . When Lineweaver-Burk plots were produced for each substrate it was noted that, at high substrate concentrations, a line of greater slope than that with low substrate concentrations could be drawn. This is indicative of the presence of a second enzyme in the supernatant which has a lower substrate affinity. 
R. I. R I C H A R D S O N A N D A. R. P. JOUAN DISCUSSION
When discussing the distribution of enzyme activity along the length of the small intestine it is important that the specific activity should reflect the total activity. It has been shown that there is no difference in the wet weight of ovine small intestine per unit length (Wahle et al. 1972) and that there is no difference in protein content per unit fresh weight of mucosa (Symons & Jones, 1966) . Thus, enzyme specific activity should reflect total activity as indeed was found to be the case when the distribution of dipeptidase activity was measured in the small intestine of four species (Das & Radhakrishnan, 1974) . Similarly, the distribution of y-glutamyl transpeptidase in ovine small intestine was the same whether expressed in terms of protein content, g per wet weight of tissue or per half a 100 mm segment (Baumrucker & Davis, 1980) . The present results confirm in more detail the findings of Symons & Jones (1966) . The measured activity towards dipeptide substrates was low in the proximal duodenum but increased in the first 5 % of the tract and was maintained at a moderate level between 5 and 35 % , an area corresponding approximately to the jejunum. Activity subsequently increased to a peak at 55%, the mid-ileum, and thereafter declined towards the terminal ileum, although remaining higher than in the proximal duodenum. This distribution is essentially similar to that noted in the guinea-pig, pig, rat and rabbit (Robinson & Shaw, 1960; Josefsson & Lindberg, 1965; Das & Radhakrishnan, 1974) . It is different from that observed in the monkey where activity is consistently high in the first 60% of the tract and decreases thereafter (Das & Radhakrishnan, 1974) .
Measurement of peptidase activity towards various substrates in homogenates is a measure of both cytosolic and brush-border enzymes. The use of the cytosolic peptidase inhibitor, PHMB, confirmed that the distribution of enzyme activity in the small intestine of sheep (Table 1) is similar to that in single-stomached species (Nicholson & Peters, 1979; Sterchi & Woodley, 1980~) . There was a gradual increase in brush-border activity towards dipeptides from jejunum to terminal ileum. This has also been noted for guinea-pig, rat, rabbit and monkey (Das & Radhakrishnan, 1974) and may explain why the total homogenate activity towards dipeptides in the present study decreased more slowly towards the terminal ileum than in the studies of Das & Radhakrishnan (1974) who measured dipeptidase activity in the isolated cytosol fraction.
The range of substrates studied is insufficient to give any indication as to which amino acid combinations might be the preferred substrates. Das & Radhakrishnan (1973) have suggested that there is only one cytosol-enzyme responsible for the hydrolysis of glycyl-L-leucine in rats (their 'master' dipeptidase, which hydrolysed sixty-five of seventy-five dipeptides tested). They suggest that there may be four or five other dipeptidases including the imino and imido dipeptidases and possibly one or more enzymes responsible for the hydrolysis of glycylglycine. All of these enzymes and the di-, tri-and tetrapeptidases of the brush-border (another potential five or six enzymes (Sterchi & Woodley, 1980b) ), would have been measured in the crude homogenate. An attempt using starch gel electrophoresis to enumerate the number of enzymes present in the soluble fraction of the homogenate was only partially successful. When all the di-and tripeptides used in the present study were employed to stain the zymograms, several diffuse bands were obtained. This is consistent with studies in other species where zymograms have shown that peptidases occur in multiple forms with overlapping specificity (Dolly et af. 1971; Kim et al. 1972) .
It is noteworthy that pro-leu was hydrolysed least rapidly; this dipeptide is probably not a substrate for the master dipeptidase and suggests the presence of a second dipeptidase in the homogenate. It is also suggested that there is one enzyme present in the cytosol of rabbit mucosa responsible for all the tripeptidase activity (Duomeng & Maroux, 1979) . Similarly, the apparent k , values for the dipeptides measured gives no indication of the total number of enzymes present in the soluble fraction, though suggesting the presence of at least two enzymes.
Ben-Ghedalia et al. (1974) used multiple cannulation of the sheep small intestine to study the hydrolysis and absorption of the nitrogenous fractions in that organ. Although the pH of the lumen contents did not reach a level which would give maximal proteolytic activity by the proteolytic enzymes until 1.5 m (60%) along the small intestine, the maximal activity of trypsin (EC 3.4.21 .4), chymotrypsin (EC 3.4.21 . 1) and carboxypeptidase A (EC 3.4.17.1) measured either at the pH in situ or at optimum pH for these enzymes was at 7 m (28%) along the tract. Ben-Ghedalia et al. (1974) were able to to give an indication of the distribution of the total nitrogenous fraction between protein-bound, peptide-bound and free amino acids. There was considerable digestion of protein between 1 and 7 m and this proceeded faster than absorption, as peptide and free amino acid accumulated between 1 and 3 m. The peptide fraction showed a net disappearance between 3 and 7 m with the greatest net disappearance between 7 and 15 m and little more beyond that point, whilst net disappearance of free amino acids only occurred after 7 m and continued to 25 m (the terminal ileum). It is not possible to say with certainty whether the net disappearance of peptide amino acid was due to intact absorption of peptides into the gut mucosa or to lumen hydrolysis into amino acids, however, these observations are consistent with the results of the present and other studies with non-ruminants. Considerable proportions of digested protein are taken up into the gut mucosa before hydrolysis to free amino acids either at the brush-border or, in the case of short-chain peptides, within the cytoplasm of the enterocytes. Peptides are absorbed faster than their constituent amino acids and the maximal absorption of peptides is generally earlier in the digestive tract than for free amino acids (Nixon & Mawer, 1970a, b ; Silk et al., 1973) . It is noteworthy that in the present study the peptidase activity rose to a maximum in the first two-thirds of the digestive tract, the region in which the greatest net disappearance of peptide nitrogen had been shown to occur in the studies of Ben-Ghedalia et al. (1974) .
